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TITLE OF THE INVENTION 
NONVOLATILE SEMICONDUCTOR STORING DEVICE AND 
BLOCK REDUNDANCY SAVING METHOD 



TECHNICAL FIELD 

[0001] 

The present invention relates to a redundancy saving technique for a 
defective memory cell of a nonvolatile semiconductor storing device and more 
particularly, to a redundancy saving technique that can be applied to a 
nonvolatile semiconductor storing device having a dual work function or a 
boot block. 

BACKGROUND ART 

[0002] 

Similar to a redundancy saving technique for a defective memory cell 
of a nonvolatile storing device and a volatile semiconductor storing device 
such as a DRAM, various kinds of methods have been proposed and 
implemented. As a generally used redundancy saving technique, there is a 
method in which a defective row or a defective column containing a defective 
memory cell in a memory cell array, or a totally defective row or column is 
replaced with a redundant row or a redundant column that is prepared in 
some numbers in the vicinity of the memory cell array previously. In this 
case, a defective row address and a defective column address are stored in 
defective address storing means, and the stored defective row address and 
defective column address are compared with an address transmitted from 
outside and when they coincide with each other, a redundant row or a 
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redundant column is automatically selected. 
[0003] 

Although the row or column saving is an effective saving method 
when a defective mode is generated by the memory cell unit or in a row 
direction or a column direction, the row or the column that can be saved is 
limited depending on the number of the redundant, rows or the redundant 
columns. Thus, the above saving is not effective in a multi-bit sequential 
defects (a plurality of defective memory cells become defective in sequential 
block) due to a particle, which is more frequently generated as a 
manufacturing process is miniaturized. 
[0004] 

Thus, there is a block redundancy saving method in which a memory 
block including a certain unit of memory cells is saved in block. The above 
block redundancy saving method can effectively save the multi-bit sequential 
defect due to the particle and the like, so that a manufacturing yield can be 
improved. 
[0005] 

Here, as a method for converting a defective address to a redundant 
address that can be applied to the block redundancy saving method, there is 
an address translation method proposed in a "semiconductor integrated 
circuit device" disclosed in Patent Document 1. According to the address 
translation method, a memory section having a memory cell array in which 
memory cell array columns having capacity exceeding capacity of a range 
selected by an address are arranged and an address translation circuit 
converting an address and selecting a memory cell of the memory section are 
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provided, and correspondent relation between addresses and memory cell 
columns are fixed so that the address translation circuit replaces memory 
cell columns a number of which is more than defective memory cell columns 
including defective memory cell columns with the,other normal memory cell 
columns. That is, an address translation pattern is fixedly stored by a fuse, 
so that it becomes not necessary to confirm coincidence or dissidence of the . 
defective address every time an address is inputted. However, according to 
the address translation method, since row or column saving is assumed 
originally, when a plurality of redundant rows or redundant columns are to 
be related to a plurality of redundant blocks, a plurality of defective memory 
blocks can be saved at high speed without using address comparing means, 
however in this case, it is necessary to mount many redundant blocks on a 
chip previously, or a block that is not used is generated in a normal memory 
block, causing actual usage efficiency to be lowered and a memory bit cost to 
be increased. 
[0006] 

Patent Document 1" Japanese Unexamined Patent Publication No. 
2001-256793 

DISCLOSURE OF INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 

[0007] 

In addition to the above problem, as a problem of an address 
translation at the time of block saving, there is a problem in a dual work 
function. The dual work function is a function in which while a reading 
operation is performed from one of two memory regions, a write operation 
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(program or erase) is performed in the other in the same nonvolatile 
semiconductor storing device. According to the nonvolatile semiconductor 
storing device such as a flash memory, there are two kinds, that is, just data 
and a program code and when both are stored as contents of stored data, it 
needs to read the program code from a certain memory region in one 
nonvolatile semiconductor storing device while an external processor carries 
out a predetermined process, and to store processed data in the same 
nonvolatile semiconductor storing device. Thus, the dual work function is 
required in the nonvolatile semiconductor storing device in order to 
effectively carry out the above processes. 
[0008] 

Meanwhile, the dual work function in a large-capacity nonvolatile 
semiconductor storing device can be implemented by dividing memory array 
into a plurality of partitions, constituting such that each partition includes a 
plurality of memory blocks and while a write operation in one memory block 
in the partition, a reading operation can be performed from one memory 
block in another partition. 
[0009] 

In the case of the memory array constitution having the above dual 
work function, when it is assumed that each memory block can be saved in 
block freely, since a defective block is replaced with a redundant block 
beyond a boundary of the partitions, the unit of the partition cannot be 
maintained, so that the dual work function is destroyed. 
[0010] 

The present invention was made in view of the above problems and it 
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is an object of the present invention to provide a nonvolatile semiconductor 
storing device and a block redundancy saving method in which the above 
problems are solved and actual usage efficiency of a memory block is high, a 
dual work function can be applied, and a block saving process can be , 
performed at high speed. 

MEANS FOR SOLVING THE PROBLEM 

[0011] 

In order to attain the above object, a nonvolatile semiconductor 
storing device according to the present invention characterized as a first 
aspect comprises a memory array including a plurality of memory blocks 
that consists of nonvolatile memory cells arranged in the form of an array in 
which program and erase operations can be electrically performed and can be 
erased in block and a redundant block having the same number of memory 
cells and the same constitution as that of one of the memory blocks, a block 
replacing means for replacing a defective block with the redundant block in a 
case where one of the memory blocks in the memory array is the defective 
block, wherein, the block replacing means includes an address translation 
circuit for converting an inputted external block address into an internal 
block address by inverting an address bit corresponding to dissidence of each 
address bit between a defective block address of the defective block and the 
redundant block address among address bits of the inputted external block 
address, and each of the memory blocks is selected based on the internal 
block address after the translation of the external block address inputted 
from outside by the address translation circuit. 
[0012] 
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According to the nonvolatile semiconductor storing device of the 
present invention including the above first aspect, when the external block 
address transmitted to the address translation circuit is the defective block 
address, since the internal block address to be outputted is converted to the 
redundant block address, a block replacement process in which the defective 
block is replaced with the redundant block is automatically performed. 
That is, since it is not necessary to determine whether the external block 
address from outside is the defective block address or not, the block 
replacement process can be carried out at high speed. In addition, since the 
block replacement process can be carried out for one redundant block, actual 
usage efficiency of the memory region can be highly maintained as a whole of 
the memory array. Furthermore, for the memory block other than the 
defective block, address translation from the external block address to the 
internal block address is performed, so that even when the plurality of 
memory blocks constitute a partition as a process unit of the dual work 
function, since an address bit for specifying the partition in the external 
block address is translated to the address bit of another internal block 
address according to the same rule. Therefore, since the memory block 
belonging to a certain partition also belongs to the same partition after the 
translation process, the process unit of the dual work function is not 
destroyed by the address translation process. In addition, when there is no 
defective block, since there is no address bit that does not coincide by setting 
the defective block address so as to be equal to the redundant block address, 
the external block address inputted to the address translation circuit is 
equal to the internal block address to be outputted, so that the memory block 
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is normally selected. 
[0013] 

In addition to the first aspect, the nonvolatile semiconductor storing 
device according to the present invention is characterized as a second aspect 
in that a particular block address of one particular memory block in the 
memory array is overlapped with a redundant block address of the 
redundant block, the block replacing means includes a particular block 
address detection circuit for detecting whether the block address inputted 
from outside is the particular block address or not, and outputting a signal 
for forcibly selecting the particular memory block when the block address 
coincides with the particular block address. 
[0014] 

According to the nonvolatile semiconductor storing device of the 
present invention including the second aspect, when there is no defective 
block, since the address translation process is not substantially performed by 
the address translation circuit by setting the defective block address so as to 
be equal to the redundant block address. Thus, when the particular block 
address (the same as the redundant block address) is inputted from outside, 
not the redundant block but the particular memory block is selected. In 
addition, in the case where the defective block exists, when the defective 
block address is inputted, the address translation circuit converts it to the 
redundant block address, and the redundant block is selected, and when the 
particular block address is inputted, although the address translation circuit 
converts it to the defective block address, the particular block address 
detection circuit does not select the defective block but selects the particular 
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memory block. Here, although a time taken for the coincidence detection 
process of the particular block address detection circuit is to be considered, 
since the coincidence detection process can be carried out in parallel to the 
address translation process of the address translation circuit, it does not 
become a factor delaying the block replacement process, so that a high speed 
process can be maintained. . 
[0015] 

Furthermore, when the defective block exists, although the memory 
blocks other than the particular memory block is replaced with another 
memory block arranged at the position different from the originally specified 
position by the address translation process determined by the defective block 
address, the particular memory block is surely selected when the particular 
block address is inputted. Therefore, since a physical relation between the 
particular block address and the particular memory block can be maintained 
after the address translation process, the particular memory block can be 
distinguished by a structure different from other memory blocks, and can be 
used for a specific usage. 
[0016] 

In addition to the second aspect, the nonvolatile semiconductor 
storing device according to the present invention is characterized as a third 
aspect in that the particular memory block is a boot block constituted by a 
plurality of small memory blocks allowing data to be erased in block. 
[0017] 

In addition, according to the nonvolatile semiconductor storing device 
of the present invention including the third aspect, when the particular block 
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address is inputted, since the particular memory block that is the boot block 
is surely selected, the particular memory block can be distinguished from the 
other memory blocks and can be used as the boot block regardless of whether 
the defective block exists or not. . 0 - 
[0018] 

In addition to the third aspgct, the nonvolatile semiconductor storing 
device according to the present invention is characterized as a fourth aspect 
in that a body part of the memory array includes the redundant block and 
the memory blocks other than the boot block, and the boot block is disposed 
away from the memory array body part. 
[0019] 

According to the nonvolatile semiconductor storing device of the 
present invention including the fourth aspect, since the redundant block is 
constitutionally the same as the memory block except for the boot block, the 
memory blocks can be regularly arranged and an extra space is not 
generated in the memory array body part. In addition, according to the boot 
block, by adjusting the layout in the vicinity of the memory array, the extra 
space existing in the vicinity thereof can be effectively used. As a result, 
since a mounting density of the whole memory array is improved, and a chip 
size of the entire device can be miniaturized, so that a manufacturing cost 
can be reduced. 
[0020] 

In addition to any one of the above second to fourth aspects, the 
nonvolatile semiconductor storing device according to the present invention 
is characterized as a fifth aspect in that the particular block address is a 
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most significant or least significant address of the block addresses. 
[0021] 

According to the nonvolatile semiconductor storing device of the 
present invention including the fifth aspect, the particular block address can 
be easily identified^ so that the particular memory block can be used 
separately from other memory blocks. In addition, compatibility with a 
general boot block memory can be maintained. 
[0022] 

In addition to any one of the above first to fifth aspects, the 
nonvolatile semiconductor storing device of the present invention is 
characterized as a sixth aspect in that the block replacing means includes a 
defective block address memory circuit for storing information regarding the 
defective block address or dissidence of each address bit between the 
defective block address and the redundant block address, and the address 
translation circuit includes one of an exclusive NOR circuit and an exclusive 
OR circuit for each address bit of the block address. 
[0023] 

According to the nonvolatile semiconductor storing device of the 
present invention including the sixth aspect, the block replacing means 
according to the first aspect can be concretely implemented with the simple 
circuit constitution. 
[0024] 

In addition to the sixth aspect, the nonvolatile semiconductor storing 
device of the present invention is characterized as a seventh aspect in that 
the defective block address memory circuit is writable from outside. 

10 



[0025] 

According to the nonvolatile semiconductor storing device including 
the seventh aspect, even when a normal memory block becomes the defective 
block for some reason after it is shipped as a non-defective product in which 
there is no defect and mounted in a specific device, by writing a new defective 
address in the defective block address memory circuit, the redundancy 
saving of the defective block can be implemented ex post facto. Therefore, 
reliability of the final product can be more improved. 
[0026] 

In addition to any of the above aspects, the nonvolatile semiconductor 
storing device according to the present invention is characterized as a eighth 
aspect in that the memory array is configured to be divided into a plurality of 
partitions each including the plurality of memory blocks, and during a write 
operation to a memory block in the partition, a reading operation to a 
memory block in another one of the partitions is allowed to be performed. 
[0027] 

According to the nonvolatile semiconductor storing device of the 
present invention including the eighth aspect, the nonvolatile semiconductor 
storing device can include a dual work function in which the partition is a 
processing unit, and can use the dual work function also after the 
redundancy saving of the defective block. 
[0028] 

In order to attain the above object of the present invention, a block 
redundancy saving method according to the present invention characterized 
as a first aspect is for a nonvolatile semiconductor storing device comprising 
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a memory array including a plurality of memory blocks that consists of 
nonvolatile memory cells arranged in the form of an array in which program 
and erase operations can be electrically performed and can be erased in block 
and a redundant block having the same number of memory cells and the 
same constitution as that of one of the memory blocks. The method 
comprises an address translating step for converting an external block 
address inputted from outside into an internal block address by inverting an 
address bit corresponding to dissidence between a defective block address of 
the defective block and the redundant block address among address bits of 
the external block address inputted from outside; and a memory block 
selecting step for selecting the memory block using the internal block 
address. 
[0029] 

According to the block redundancy saving method of the nonvolatile 
semiconductor storing device of the present invention including the above 
first aspect, when the external block address transmitted from outside is the 
defective block address, since the translated internal block address becomes 
the same as the redundant block address, a block replacement process in 
which the defective block is replaced with the redundant block is 
automatically performed. That is, since it is not necessary to determine 
whether the external block address from outside is the defective block 
address or not, the block replacement process can be carried out at high 
speed. In addition, since the block replacement process at the block address 
translating step can be carried out for one redundant block, actual usage 
efficiency of the memory region can be highly maintained as a whole of the 
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memory array. Furthermore, for the memory block other than the defective 
block, address translation from the external block address to the internal 
block addr ess is performed, so that even when the plurality of memory blocks 
constitute a partition as a process unit of the dual work function, an address 
bit for specifying the partition in the external block address is translated to 
the address bit of another internal block address according to the same rule. 
Therefore, since the memory block belonging to a certain partition also 
belongs to the same partition after the translation process, the process unit 
of the dual work function is not destroyed by the address translation process. 
In addition, when there is no defective block, since there is no address bit 
that does not coincide by setting the defective block address so as to be equal 
to the redundant block address, the external block address inputted to the 
address translation circuit is equal to the internal block address to be 
outputted, so that the memory block is normally selected. 
[0030] 

In addition to the first aspect, the block redundancy saving method of 
the nonvolatile semiconductor storing device according to the present 
invention is characterized as a second aspect in that a particular block 
address of one particular memory block in the memory array is overlapped 
with a redundant block address of the redundant block, whether the block 
address inputted from outside is the particular block address or not is 
detected, and the particular memory block is forcibly selected when the 
external block address coincides with the particular block address. 
[0031] 

According to the block redundancy saving method of the nonvolatile 
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semiconductor stoiing device of the present invention including the second 
aspect, when there is no defective block, since the address translation 
process is not substantially performed at the address translating step by 
setting the defective block address so as to be equal to the redundant block 
address. Thus, when the particular block address (the same as the 
redundant block address) is inputted from outside, not the redundant block 
but the particular memory block is selected. In addition, in the case where 
the defective block exists, when the defective block address is inputted, it is 
converted to the redundant block address at the block address translating 
step, and the redundant block is selected at the memory block selecting step, 
and when the particular block address is inputted, although it is converted to 
the defective block address at the block address translating step, the 
defective block is not selected but the particular memory block is forcibly 
selected. Here, although a time taken for the coincidence detection process 
between the block address transmitted from outside and the particular block 
address is to be considered, since the coincidence detection process can be 
carried out in parallel to the block address translating step, it does not 
become a factor delaying the block replacement process, so that a high speed 
process can be maintained. 
[0032] 

Furthermore, when the defective block exists, although the memory 
blocks other than the particular memory block is replaced with another 
memory block arranged at the position different from the originally specified 
position by the address translation process determined by the defective block 
address, the particular memory block is surely selected when the particular 
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block address is inputted. Therefore, since a physical relation between the 
particular block address and the particular memory block can be maintained 
after the address translation process, the particular memory block can be 
distinguished by a structure different from other memory blocks, and can be 
used for a specific usage. 

BRIEF DESCRIPTION OF DRAWINGS 

[0033] 

Fig. 1 is a block diagram schematically showing a memory array 
constitution according to one embodiment of a nonvolatile semiconductor 
storing device of the present invention. 

Fig. 2 is another block diagram schematically showing a memory 
array constitution according to one embodiment of the nonvolatile 
semiconductor storing device of the present invention. 

Fig. 3 is a block diagram showing a circuit constitution regarding a 
block replacement process according to one embodiment of the nonvolatile 
semiconductor storing device of the present invention. 

Fig. 4 is a logic circuit diagram showing an address translation 
circuit according to one embodiment of the nonvolatile semiconductor storing 
device of the present invention. 

Fig. 5 is an address translation table showing a concrete example of 
an address translation process according to one embodiment of a block 
redundancy saving method of the nonvolatile semiconductor storing device of 
the present invention. 

Fig. 6 is an address map showing a concrete example of an address 
translation process according to one embodiment of the block redundancy 
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saving method of the nonvolatile semiconductor storing device of the present 
invention. 

Fig. 7 is a block diagram schematically showing an example of a 
position of a defective block in the memory array constitution shown in Fig. 
1. 

Fig. 8 is a logic circuit diagram showing one example of a boot block 
detection circuit according to one embodiment of the nonvolatile 
semiconductor storing device of the present invention. 

EXPLANATION OF REFERENCES 

[0034] 

1 - Memory Array 

2 : Memory Array Body Part 

3: Boot Block Part 

4* Partition 

5- Memory Block 

6: Redundant Block 

7* Memory Block 

8= Main Column Decoder 

10* Address Translation Circuit 

11 : Boot Block Detection Circuit (Particular block address Detection 
Circuit) 

12 ' Defective Block Address Memory Circuit 

13- Partition Decode Circuit 

14: Block Decode Circuit 

15" Partition Selection Circuit 
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16- Boot Block Selection Circuit 

17, 18: Control Circuit 

19: 2 -input Exclusive NOR Circuit 

Sbb: Boot Block Selection Signal 

PSELO to 7: Partition Selection Signal 

BSELO to 3: Block Selection Signal 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] 

One embodiment of a nonvolatile semiconductor storing device and a 
block redundancy saving method according to the present invention (referred 
to as the "device of the present invention" and the "method of the present 
invention" occasionally hereinafter) will be described with reference to the 
drawings hereinafter. The following description will be made assuming 
that the device of the present invention is a boot block type of flash memory 
including a dual work function. 
[0036] 

According to the device of the present invention, since its functional 
block constitution as a whole is similar to that of a conventional boot block 
type of flash memory including a general dual work function, a description 
for each function block (an address input circuit, an address decoder circuit, 
a data input/output circuit, a data program and erase circuit, a peripheral 
circuit such as a control circuit for controlling read and write of data, and the 
like) will be omitted, and a circuit constitution or method specific to the 
device and method of the present invention will be described. 
[0037] 

17 



Fig. 1 is a schematic view showing a memory array constitution of 
the device of the present invention. According to this embodiment, a 
memory array 1 includes a memory array body part 2 and a boot block part 3 
provided separately. The memory array body part 2 is uniformly divided 
into a plurality of partitions 4 (eight partitions in the example shown in Fig. 
l), and each partition 4 is uniformly divided into four memory blocks 5. 
Each memory block 5 is constituted such that memory cells are arranged in 
plural lines in the form of an array. According to this embodiment, a flash 
cell including a flash memory transistor having a floating gate structure is 
assumed as a memory cell, and each memory block 5 is the data erase unit. 
[0038] 

Since the total number of memory blocks in the memory array body 
part 2 is 32 in the block constitution example shown in Fig. 1, the block 
addresses required to select each of the memory blocks from the memory 
array body part 2 is 5~bit address. In the address bits, three high-order bits 
are defined as a first block address for selecting a partition and two 
loworder bits are defined as a second block address for selecting one of four 
memory blocks 5 in each of the partitions 4. In addition, the number of 
partitions in the memory array body part 2 and the number of blocks in the 
partition 4 show one example, and the present invention is not limited to the 
example of this embodiment. 
[0039] 

According to this embodiment, the most significant address (l 1 1 1 l) 
of the block address is defined as a particular block address and a memory 
block corresponding to the particular block address is set to a redundant 
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block 6. In addition, the boot block part 3 (corresponding to the particular 
memory block) provided separately from the memory array body part 2 is 
allotted to that particular block address. As will be described below, when 
the particular block address "11111" is inputted from outside, it is so 
constituted that the boot block part 3 is selected instead of the redundant 
block 6. That is, the partition physically including the redundant block is so 
constituted that it logically includes the boot block. Its detailed circuit 
constitution will be described below. 
[0040] 

Although the boot block part 3 has the same total number of memory 
cells as that of the memory block 5 of the memory array body part 2, it 
further includes a plurality of divided small memory blocks 7 and each small 
memory block 7 can be erased in block. Since the boot block part 3 needs to 
comprise the small memory blocks 7 separated from each other, its area is 
larger than that of the memory block 5 of the memory array body part 2. 
Thus, when the boot block part 3 is contained in the memory array body part 
2, an extra space is generated in the memory array body part 2. Meanwhile, 
according to this embodiment, such inconvenience is appropriately avoided. 
[0041] 

As shown in Fig. 1, in the memory array body part 2, the four 
partitions 4 are arranged on each side and signal lines (an address signal, a 
data signal, various kinds of control signals, for example) required for a 
memory operation (read, program, and erase of data and the like) are 
arranged in the center. In Fig. 1, a selection circuit of the partition 4 and a 
control circuits (various kinds of decoder circuits, read circuit, program and 
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erase circuit and the like) required for the memory operation are arranged in 
each partition 4 on the center side. The specific arrangement is as shown in 
Fig. 2. Referring to Fig. 2, there is provided a hierarchical bit line structure 
in which a global bit line is arranged so as to cross the plurality of memory 
blocks in the lateral direction, a local bit line is provided in each memory 
block in a column direction (lateral direction in Fig. 2), a drain electrode of a 
flash cell in the same column in each memory block is connected to a common 
local bit line, and the local bit line is connected to the global bit line through 
a predetermined bit line selecting transistor. According to the above 
constitution, various kinds of memory operations from the control circuit 17 
can be carried out for the selected memory cell through each bit line. In 
addition, a word line is provided in row direction (vertical direction in Fig. 2) 
although it is not shown, a gate electrode of the flash cell in the same row in 
the memory block is connected to the common word line and the memory cell 
can be selected in the row direction by the selected word line. The boot 
block part 3 has a constitution basically similar to each partition 4, and a 
control circuit 18 required for the memory operation is provided similar to 
each partition 4. 
[0042] 

A description will be made of a block replacement process according 
to the method of the present invention in which when one of the memory 
blocks 5 ("0 0 0 0 0" to "1 1 1 1 0") in the memory array body part 2 is a 
defective block that requires block redundancy saving, it is replaced with the 
redundant block 6 having an redundant block address "1111 1". 
[0043] 
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First, a description will be made of a circuit constitution regarding 
the block replacement process. As shown in Fig. 3, an external block 
address transmitted from outside is inputted to an address translation 
circuit 10 and a boot block detection circuit 11 (corresponding to a particular 
block address detection circuit). The boot block detection circuit 11 outputs 
a boot block selection signal Sbb at a predetermined signal level (high level, 
for example) when the external block address is the particular block address 
of the most significant address "11111". 
[0044] 

The address translation circuit 10 converts the inputted external 
block address into an internal block address by inverting an address bit of 
the inputted external block address corresponding to dissidence between the 
redundant block address (l 1 1 1 l) and a 5 -bit defective block address 
outputted from a defective block address memory circuit 12 in which states 
(l or 0) of each address bit of the defective block address are stored, and 
outputs the internal block address. 
[0045] 

In the internal block address converted by the address translation 
circuit 10, the high-order three bits of the first block address are sent to a 
partition decode circuit 13 and eight partition selection signals PSEL0 to 7 
are outputted. One of the partition selection signals PSEL0 to 7 outputs a 
predetermined selection level (high level, for example) according to a value of 
the first block address, and the other seven selection signals output an 
unselection level (low level, for example). The low-order two bits of the 
internal block address of the second block address are inputted to a block 



decode circuit 14 and four block selection signals BSELO to 3 are outputted. 
[0046] 

As shown in Fig. 2, the boot block selection signal Sbb generated in 
the boot block detection circuit 11, the partition selection signals PSELO to 7 
generated in the partition decode circuit 13, and the block selection signals 
BSELO to 3 generated in the block decode circuit 14 are inputted to the 
partition selection circuit 15 and the boot block selection circuit 16 of each 
partition. In addition, among the partition selection signals PSELO to 7, 
only one signal is inputted to the corresponding partition selection circuits 
15. When the boot block selection signal Sbb is at high level, all partition 
selection circuits 15 become an unselected state regardless of the states of 
the partition selection signals PSELO to^7, so that the boot block selection 
signal Sbb is activated and becomes a selected state. 
[0047] 

According to this embodiment, as described above, the block 
replacing means for implementing the block replacement process consists of 
the address translation circuit 10, the boot block detection circuit 11 and the 
defective block address memory circuit 12. 
[0048] 

Next, a description will be made of a constitution of the address 
translation circuit 10 and an algorithm of the address translation process 
and a memory block selecting method after the address translation process 
according to the method of the present invention. 
[0049] 

As shown in Fig. 4, the address translation circuit 10 includes five 
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2-input exclusive NOR circuits 19 logically. To each exclusive NOR circuit 
19, one address bit of the external block address and one address bit of a 
corresponding defective block address are inputted. According to the 
exclusive NOR process, when two inputted values (0 or l) coincide with each 
other, "1" is outputted and when they do not coincide, "0" is outputted. 
Since the redundant block address is "1 1 1 1 1" in this embodiment, the 
address bit whose value is 0 in the defective block address corresponds to the 
part that is dissident from the redundant block address. Therefore, each 
address bit of the external block address corresponding to the address bit 
whose value is 0 in the defective block address is inverted, that is, converted 
to the internal block address through the above exclusive NOR process. 
Namely, when the address bit of the external block address is 1, 0 is 
outputted and when it is 0, 1 is outputted. Contrary, the address bit whose 
value is 1 in the defective block address is not inverted and that address bit 
of the external block address is outputted as it is as the internal block 
address. 
[0050] 

For example, in a case where the defective block address is "0 10 0 1", 
the second, third and fifth bits of the defective block address from the least 
significant bit are inverted, so that the internal block address becomes "111 
1 1". Therefore, when the defective block address "0100 l"is inputted as 
the external block address to the address translation circuit 10, the internal 
block address "1111 1" is outputted. Thus, the internal block address "11 
1 1 1" is inputted to the partition decode circuit 13 and the block decode 
circuit 14 and the redundant block of the block 3 of the partition 7 is selected. 
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[0051] 

Next, an address translation process by the exclusive NOR process 
for all of the block addresses will be verified. Here, the first block address of 
the high-order three bits and the second block address of the low-order two 
bits are separated to be considered. 
[0052] 

As shown in a translation table in Fig. 5, for all of the eight partitions, 
a pair of partitions is formed and translation is performed for each pair. 
Similarly, for all of the four blocks in the partition 4, a pair of blocks is 
formed and translation is performed for each pair. Which partitions are 
paired or which blocks are paired are determined by the defective block 
address. According to this embodiment, when the external block address A 
is translated to the internal block address B by the address translation 
circuit 10, since the external block address B is translated to the internal 
block address A, the external block address and the internal block address 
have a symmetrical relation. 
[0053] 

Here, since the partition is translated in block and the block address 
is translated in the partition, the memory block in the same partition is in 
the same partition after the translation. This is schematically shown in Fig 
6. In Fig. 6, a physical block address is treated as a block address 
physically corresponding to an actual arranged position of each memory 
block in the memory array. In addition, a logical block address map shown 
in Fig. 6 shows a corresponding relation between positions of the physical 
partition and the memory block and the translated logical block address, and 
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shows that how arrangements of the physical partition and memory block 
are changed after the address translation process. In each block address 
map, the partition and the memory block having the same vertical position 
show physically the same substances. An arrow shown in Fig. 6 shows that 
even when a physical block address "0100 Tshowing the defective block is 
inputted, since the external block address is converted to the internal block 
address "11111" by the address translation process, the redundant block 
positioned at the physical block address "11111" is selected. 
[0054] 

The partition P2 that contains a defective block (hatched part in Fig. 
7) in the physical block address map is treated as the partition P7 in the 
logical block address map, and contrary, the partition P7 containing the boot 
block logically in the physical block address map is treated as the partition 
P2 in the logic block address map. Therefore, when the "0 1 0" is inputted 
as the external block address (first block address), the partition P7 in an 
internal block address space (that is, in an actual memory array) is selected, 
and contrary, when "11 1" is inputted as the external block address (first 
block address), the partition P2 in the internal block address space is 
selected. 
[0055] 

Each memory block in the partition is similarly translated by the 
address translation process. Here, when the defective block address "0100 
l"is inputted from outside, the redundant block of the block address "1111 
1" in the internal block address space is selected, so that the defective block 
is replaced with the redundant block. As a result, the defective block is 
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saved by the redundant block. Contrary, when the particular block address 
"1111 1" that selects the boot block part 3 is inputted from outside, 
although the defective block (refer to the hatched part in Fig. 7) of the block 
address "0100 1" in the internal block address space is selected by the 
translation process, the boot block part 3 is not to be appropriately selected. 
Thus, as described above, when the particular block address "1111 1" is 
inputted, the boot block detection circuit 11 forcibly selects the boot block 
part 3. 
[0056] 

When there is no defective block, since the inversion process is not 
performed by the exclusive NOR process at all by setting the defective block 
to "1 1 1 1 1" that is the same as the redundant block address, the external 
block address is outputted as it is as the internal block address. 
[0057] 

According to this embodiment, since the redundant block address is 
"1111 1", the exclusive NOR process is performed, but when the redundant 
block address is "0000 0", since the address bit whose value is "1" in the 
defective block address corresponds to a bit that is dissident from the bits of 
the redundant block address, not the exclusive NOR process but an exclusive 
OR process is suitable. However, according to the exclusive OR process, 
since the output of the exclusive NOR process may only be inverted, the 
exclusive NOR circuit or an exclusive OR circuit may be occasionally used in 
a concrete circuit constitution. 
[0058] 

Here, according to the defective block address memory circuit 12 that 
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outputs each address bit of the defective block address to the address 
translation circuit 10, for example, a pair of flash cells is allotted to each 
address bit, and by setting one to a high threshold voltage and the other to a 
low threshold voltage, a state (0 or l) of each address bit can be stored by 
determining which flash cell is written in the high threshold voltage. In 
addition, when two flash cells are used for each address bit, the state of the 
address bit can be surely read out at a low current consumption. 
[0059] 

Alternatively, one flash cell may be allotted to each address bit. In 
this case, by relating an erased state to the redundant block address, only 
the part that does not coincide may be written. According to the above 
constitution, the same address translation circuit 10 can be used without 
limiting to the case where the redundant block address is "1 1 1 1 1". In 
addition, when the address translation circuit 10 is based on the exclusive 
OR process, the part where the defective block address coincides with the 
redundant block address may be written in the flash cell. According to this 
constitution, when there is no defective block, it is not necessary to store the 
default defective block address in the defective block address memory circuit 
12. 

[0060] 

In addition, in above any constitution, it is preferable that write, or 
program and erase operation can be performed for the flash cell of the 
defective block address memory circuit 12 from outside. In this case, for 
example, the defective block address memory circuit 12 is set in a write mode 
when receives a specific command from outside and erase and write to each 
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flash cell is carried out. 
[0061] 

Next, the boot block detection circuit 11 will be briefly described 
hereinafter. According to this embodiment, since the particular block 
address is "1 1 1 1 1", it can be easily constituted with a 5-input AND circuit 
logically as shown in Fig. 8. Each address bit of the external block address 
is inputted to each input thereof. In addition, when the particular block 
address is "0000 0", the boot block detection circuit 11 can be easily 
constituted with a 5-input NOR circuit logically according to the same idea 
described above. 
[0062] 

Next, another embodiment of the present invention will be described. 

[0063] 

(1) Although it is assumed that the device of the present invention 
is the boot block type of flash memory including the dual work function in 
the above embodiment, the block replacement process by the address 
translation circuit 10 and the boot block detection circuit 11 according to the 
present invention, that is, the method of the present invention can be applied 
to a flash memory that does not include a dual work function, or a flash - 
memory in which a particular block address is not a boot block. 

[0064] 

(2) Although it is assumed that the particular block address is "1 1 
1 1 1" in the above embodiment, the paiiicular block address is not limited to 
the most significant address of the block address, it may be the least 
significant address or a middle address. 
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[0065] 

(3) Although the defective block address memory circuit 12 stores 
the defective block address in the above embodiment, when the particular 
block address is "1 1 1 1 1" or "0 0 00 0", since it is equivalent to storing the 
same or diff erent part regarding the address bit of the redundant block 
address substantially, the address bit that agrees or disagree with the 
redundant block address may be stored. 

[0066] 

(4) Although there is provided one memory array 1 including the 
memory array body part 2 including one redundant block 7 and the boot 
block part 3 in the above embodiment, the device of the present invention 
may include a plurality of memory arrays 1. 

[0067] 

(5) Although the flash cell is assumed as the memory cell in the 
above embodiment, the memory cell is not limited to that. Furthermore, 
even when the memory cell is a variable resistive element type of memory 
cell such as a MRAM, an OUM, or a RRAM other than the one in which a 
difference in stored state appears as a difference in threshold voltage of a 
memory transistor, the block replacement process of the present invention 
can be applied to it. Furthermore, the idea of the block replacement process 
can be applied to another nonvolatile semiconductor storing device. 
Especially, it can be effectively applied to a nonvolatile semiconductor storing 
device including a dual work function or a boot block. 

INDUSTRIAL APPLICABILITY 

[0068] 
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The present invention can be applied to a redundancy saving 
technique for a defective memory cell of a nonvolatile semiconductor storing 
device, and especially, it can be effectively applied to a nonvolatile 
semiconductor storing device including a dual work function or a boot block. 
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